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Abstract The greater wax moth, Galleria mellonella, was reared at different temperatures of 
5°C intervals between 20°C and 35°C to determine the number of larval instars and development. 
The populations reared at 20°C and 25°C had eight larval instars, while those at 30°C and 35°C 
had seven. Temperatures experienced in the first instar were critical and resulted in different 
numbers of instars. The temperature between 25°C and 30°C will be critical dividing larvae in 
different moulting numbers. Head width within the same instar reared at different tempera- 
tures, however, showed no difference. 
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Introduction 


The greater wax moth, Galleria mellonella (Linnaeus) (Lepidoptera, Pyralidae) has been 
widely used as an experimental insect for biological, medical and other fields of study 
throughout the world. The species is a famous pest of beehives from which its name 
originated, and is common in Japan. Biology of this species has been reported (Paddock, 
1918 ; Chase, 1921; Andrews, 1922; Milum and Geuther, 1935; Beck, 1960; Nielsen and 
Brister, 1977), but little work has been done on the number of larval instars, especially 
those under different temperature regimes. 


Anderson and Mignot (1970) and Plantevin (1975) reported the number of larval instars 
as seven or eight in North American and French populations. Chase (1921) reported 
seven or eight instars with rare cases of six. These differences in number have not yet 
been well explained. 


The present work done in 1992 and 1993 was initiated to make further studies on the 
biology of this well-known pyralid species, particularly its larval instars, since known 
records vary and require definite interpretations. 


Another object was to investigate the effects of rearing temperature on larval size. 
Body sizes of some animals and insects are known to vary in accordance with latitudinal 
gradients (Kato, 1948; Park, 1949 ; Asahina, 1950; Hukusima and Kajita, 1960 ; Masaki 
and Oyama, 1963), and arguments have been presented to interpret this phenomenon 
(Park, 1949; Asahina, 1950; Masaki, 1966). The Bergmann and the converse Bergmann 
principles or other interpretations have discussed this problem. Asahina (1950) 
mentioned that body sizes of some insects become larger when they live in an area other 
than that where temperature is optimum for their development. Little has been done 
experimentally, however, to interpret this more detail. 


* Present address: Yamaguchi Agricultural Improvement and Extension Office, 
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Materials and methods 


The larvae of G. mellonella used were obtained from a stock culture of the Institute of 
Biological Control, Kyushu University. They were reared with wax brood comb in 
rearing cases (12X12X8 cm) at 20°C, 25°C, 30°C and 35°C under 16L: 8D photoperiod. 
Bofore use, wax brood comb was heated at high temperature to kill any immature stages 
of the moth. Experiments were started with eggs oviposited within 24 hours by the 
individuals reared for two generations at each temperature. For this purpose, eggs were 
obtained in separate oviposition cases until the third generation to avoid mixing genera- 
tions. 


Larvae were collected from rearing cases at each temperature throughout the study 
period and were preserved in 70% alcohol. The width of the head capsule was measured 
using an ocular micrometer. Younger instar larvae (head width less than 0.4 mm) were 
measured at higher micrometer magnitude. Similar numbers of eggs, approximately 50, 
were used for developmental studies since this species shows faster development as 
density increases (Skoptsov, 1968). 


Results and discussion 


1. Number of larval instars 


Frequency distribution of head width of larvae reared at different temperatures is shown 
in Fig. 1. There were eight instars in the populations reared at 20°C and 25°C, and seven 
at 30°C and 35°C. Anderson and Mignot (1970) using North American populations and 
Plantevin (1975) using French populations both reported seven and eight instars without 
giving explanation of the difference. Plantevin (1975) mentioned, however, that the two 
types of instars were separated during the first instar larval period. The phenomenon 
of these different numbers is described, in other words, as there being an extra instar in 
the eight instar population. 


Several factors such as climate, sex or host plants causing extra instars in some insects 
have been reported (Edwards, 1881 ; Dimmock, 1888 ; Metcalfe, 1932 ; Gaines and Camp- 
bell, 1935). Differences in the moulting numbers seen in this study, however, clearly 
suggest that the factor resposible is the rearing temperature experienced during the first 
instar ; the temperature between 25°C and 30°C seems to be critical in dividing larvae 
into the seven and eight instar populations. Higher temperatures above that tempera- 
ture reduce the number of moultings. 


When the temperature mentioned is a causing factor, some of the published data are to 
be well interpreted. Beck (1960) reported that seven instars were observed since he 
reared at 35°C. Plantevin (1975) reported seven and eight instars as mentioned, and this 
was because of the temperature of 27.5°C he used. This temperature (27.5°C) was 
intermediate between 25°C and 30°C, so that two types of larvae developed. The report 
of Chase (1921) who mentioned seven and eight and infrequently six instars reared at 35°C 
is more difficult to explain since seven instars would be expected at that temperature. 
The difference in real instar numbers obtained by single rearings (Chase, 1921; 
Plantevin, 1975) and frequency distribution by mass rearings (Beck, 1960) is suspected as 
the reason. 


As seen in Fig. 1, three instars were recognized in the range below 0.4 mm in the 20°C and 
25°C rearings, while two in the 30°C and 35°C rearings. Data of the first and following 
instars in these temperature regimes also suggest that temperature before the first 
moulting affects the differentiation of larval instars. Plantevin (1975) referred to the 
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Fig. 1. Frequency distribution of head width of Galleria mellonella larvae reared at 


different temperatures. 
(see text). 


Younger instars were measured under higher magnitude 
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separation into two types in the first instar, though he did not point out the factor 
responsible. 


2. Range of head width 


As frequency distributions of head width obtained are considered empirically normal 
distribution, range of head width, its means and standard deviation of each instar were 
statistically measured. The range within a 99% confidence limit is shown in Table 1. 


The table shows that the width of the first instar does not vary among different tempera- 
tures, but does in the following instars, although variation in the fifth is slight. In the 
20°C and 25°C rearings, width of the sixth and seventh instars at 20°C is larger than that 
at 25°C. In the 30°C and 35°C, width of the fifth and sixth instars at 30°C is larger than 
that at 35°C. 


Mean head width of each larval instar obtained by analysis of variance is shown in Table 
2. Head width of the first instar at different temperatures is not significantly different, 
but in the following instars it is. This indicates again that the number of instars is 
decided by the second instar. 


In the seven larval instar population, no significant difference is seen between the 30°C 
and 35°C temperature regimes in any instar. In the eight larval instar population (20°C 
and 25°C), however, significant differences are seen between the two regimes in the 


Table 1. Range of head width (mm) of Galleria mellonella larvae reared at 
different temperatures.” 





Rearing temperature 








Instar 
20°C 25°C 30°C 39°C 
J 0.1942-0.2036 0.1932-0.2004 0.1753-0.2015 0.1871-0.2161 
II 0.2325-0.2673 0.2645-0.2819 0.3037-0.3520 0.3136-0.3418 
III 0.3087-0.3335 0.3503-0.3659 0.4586-0.5236 0.4851-0.5373 
IV 0.4791-0.5141 0.5201-0.5641 0.7212-0.7790 0.7438-0.8058 
V 0.7502-0.7994 0.7711-0.8051 1.0813-1.1373 1.0649-1.1225 
VI 1.0419-1.0859 0.9896-1.0336 1.4358-1.4790 1.4193-1.4837 
VII 1.4465-1.4689 1.4153-1.4765 1.8908-1.9346 1.9111-1.9943 
VHI 1.9069-1.9737 1.9337-2.0071 











D Numbers in table are confidence intervals for population mean (p<0.01) 


Table 2. Mean head width of Galleria mellonella larvae in each instar.” 








Rearing Instar 
temperature 
CC) I H III IV V VI VII VIII 
20 0.1989a 0.2499 0.3210 0.4966 0.7748 1.0639 1.4577 1.9220 
25 0.1968a 0.2732 0.3581 0.5421 0.7881 1.0116 1.4459 1.9767 
30 0.1884a 0.3295 0.4911 0.7502 1.1048 1.4562 1.9177 — 
35 0.2016a 0.3277 0.5112 0.7748 1.0937 1.4515 1.9527 — 





D Numbers in column followed by the same letter are not significantly 
different (P>0.01; Duncan’s multiple range test). 
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second, fourth and sixth instars. 


It is thus possible to note that the difference of temperatures used to rear the seven larval 
instar population does not greatly affect head width, but in the eight larval instar 
population it does. This species does not develop at below 18°C or over 40°C as shown 
by Sairs (1978) and the present study. This fact of temperature limiting development 
may explain the above results. The 20°C temperature in this study is near 18°C resulting 
in a difference, but 30°C is not near 40°C so that there is no difference. 


3. Coefficient of variation and growth ratio of head width 


The coefficient of variation of each instar at different temperatures is shown in Table 3. 
No regular tendency between temperature regimes was found. The values of the fourth 
instar in 20°C and 25°C are high, as are those of the first and third instars in 30°C and 35°C. 


The growth ratio of head width at different temperatures is shown in Table 4. The 
ratios between the third and fourth, and the fourth and fifth in 20°C and 25°C are large, 
while those in 30°C and 35°C seem to decrease with progressing instar. The ratio is, 
however, somewhat variable to draw a general character as seen in Beck (1960) and the 
present study which shows different results. 


Table 3. Coefficient of variation of head width of Galleria mellonella larvae. 

















Rearing Coefficient of variation (%) 
temperature Mean+SD 
CC) Instar I Il Ill IV V VI VII VII 
20 4.72 3.04 7.05 11.78 11.07 5.80 6.96 4.87 6.96 土 2.88 
25 5.04 8.33 3.74 14.00 6.67 682 880 6.78 7.52+3.11 
30 12.16 7.04 12.38 980 9.71 612 7.72 一 9.28+2.44 
35 17.01 6.30 12.54 11.33 5.80 8.05 619 一 9.60+4.20 





Table 4. Growth ratio of larval head width of Galleria mellonella. 

















Rearing Growth ratio 
temperature Mean+SD 
CC) Instar H/A III/II IV/III V/AIV VI/V VII/VI VHI/VII 
20 1.2564 1.2845 1.5470 1.5602 1.3731 1.3701 1.3186 1.3871 +0.1212 
25 1.3882 1.3108 1.5182 1.4538 1.2836 1.4293 1.3671 1.3930+0.0817 
30 1.7495 1.4900 1.5276 1.4787 1.3181 1.3158 — 1.4800 +0.1601 
35 1.6255 1.5600 1.5156 1.4116 1.3271 1.3453 — 1.4639 +0.1091 








4. Effect of temperature on larval size 


The result of this study showed that around 30°C may be optimum for this species (see 
later description on percentage emergence). Head width of each instar reared at below 
30°C or at higher temperature regimes showed no distinct difference from those at 30°C. 
Field populations of Anthonomus bisignifer, Phyllotreta striorata, Mamestra brassicae, 
Nemobius yezoensis, Pieris rapae crucivora and others show geographical variations of 
sizes at different latitudes (Kato, 1948; Park, 1949; Asahina, 1950; Nagasawa, 1954; 
Masaki and Oyama, 1963; Hirata, 1962; Kitano, 1967), and temperature is suspected to 
be one responsible factor. The habitat of the greater wax moth is beehives in any 
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Table 5. Development of Galleria mellonella at different temperatures.” 











: Developmental 
ee No. eggs period (ays) Developmental Percentage 
: reared G/days) (%) 
min max mean+SD y 9 

20 45 120 

25 48 71 83 80.2 +5.29 0.012 25.6 
30 5I 56 71 65.0 +4.33 0.015 58.8 
35 50 50 59 54.1 土 3.18 0.018 20.0 





D Data at 20°C were not obtained owing to incubator trouble. 


geographical area in the world, and many generations have passed in this habitat. 
Consequently, the moth does not seem to vary in its response to temperature, with the 
result we have found. It is suspected that this is the reason not many generations were 
reared under each temperature regime in this study. 


5. Development 


Developmental parameters at different temperatures are shown in Table5. Develop- 
mental zero and total effective temperature from egg to adult emergence calculated 
based on the data of developmental rate were 5.0°C and 1,666.7 day-degrees, respectively 
(Fig. 2). Since this species mates and oviposits within 24 hrs after emergence (Nielsen 
and Brister, 1977), total effective temperature for one generation is about 1,670 day- 
degrees. 


As seen in Table 5, developmental period decreased as temperature increased. Percent- 
age emergence, however, was highest at 30°C and that at lower or higher temperature 
regimes was much lower. Published data on the developmental period are variable even 
at the same rearing temperature. This may be partly due to different diet and rearing 


0.015 






Y =—0.003+ 0. 0006 X 
0.010 j ae 
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Developmental rate (1/days) 
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Rearing temperature 


Fig. 2. Developmental rate of Galleria mellonella reared at different temperatures. 
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densities. 


Judging from the result and data of the temperature in beehives (Sasaki, 1981), around 
30°C may be optimum temperature for this species. Individual variation in develop- 
mental period at each temperature regime is decreased as temperature increased suggest- 
ing there are concentrations of emergence periods. 


6. Others 


Comparing the head width of the seven and eight instar populations, that of the second 
instar of the former population is almost the same as that of the third instar of the latter. 
Subsequent instars of respective populations show a similar combination, so that the 
head width of the last instar of the two populations is the same. 


The second instar of the eight instar population is thus an extra instar which is lacking 
in the seven instar population. This interpretation supports the argument of Plantevin 
(1975). 
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摘 要 
ハチ ノ ス ツ ヅ リ ガ ( 鱗 甚 目 : メイ ガ 科 ) の 幼虫 齢 数 と 発育 (松本 聖子 ・ 矢 野 宏 二 


養蜂 害虫 で ある 一 方 , 生物 検定 用 な ど に も 広く 利用 きれ て いる ハチ ノ ス ツ ヅ リ ガ の 幼 躍 齢 数 は , 北 
米 と フラ ンス の 個体 群 に つい て 7 な いし 8 齢 で ある と 報告 され て いる . そこ で , 日 本 の 個体 群 に つ 
いて , その 点 を 検討 する こと と , 飼育 温度 に よる 形態 変化 (幼虫 の 頭 幅 ) を 調査 する こと を 目的 と 
し て 本 研究 を 行っ た . 餌 は 山口 市 内 の 養蜂 家 よ り 入 手 し た 上 巣 を 高温 処理 し た の ち 使 用 し た . 飼育 は 
20°C, 25°C, 30°C, 35°C の 恒温 器 で 日 長 16L : SD と し , それ ぞ れ の 温度 下 で 2 世代 以上 経過 し て か ら 
調査 を 開始 し た . 


1. 幼虫 齢 数 


頭 幅 の 頻度 分 布 か ら 判 断 す る と , 20°C と 25*C で は 8 齢 経過 し , 30°C と 35°C で は 7 齢 を 経過 し た . 
25°C と 30°C の 間 に こ れ ら の 違っ た 経過 齢 数 を 分 ける 温度 が ある こと , お よび , 高温 が 齢 数 を 減少 
させ て いる こと が 判明 し た . 0.153 mm か ら 0.408 mm の 頭 幅 の 間 で , 飼育 温度 に より 3 齢 経過 
(20°C と 25°C) と 2 齢 経過 (30°C と 35°C) の 差 が 認め られ た こと , 1 齢 と その 後 の 齢 の 頻度 分 布 か ら 
判断 する と , 1 齢 に お ける 飼育 温度 が 齢 数 の 差 を 決め て いる と 思わ れ た . 本 結果 に より , 既往 知見 
を 統一 的 に 解釈 する こと が 可能 と な っ た . 


2. 頭 幅 の 測定 範囲 


頭 幅 の 頻度 分 布 を 経験 的 に 正規 分 布 と みな し , 各 齢 頭 幅 の 測定 範囲 と 平均 値 , 標準 偏差 を 統計 的 に 
算出 し た . 1 齢 の 頭 幅 範囲 は 温度 に よる 差 は な い が , 2-4 齢 で は 差 が 認め られ た . 7 齢 経過 個体 群 
(30°C と 35°C) で は , 各 齢 と も これ ら の 温度 間 で 有意 差 が な らい が, 8 齢 経過 個体 群 (20'C と 25°C) で 
は 2, 4, 6 齢 で 温度 問 で 有意 差 が 認め られ だ た. 本 種 は 18'C 以 下 あ る い は 40°C 以上 で は 発育 で き な い 
た め , 18°C に 近い 20°C で は 差 を 生じ , 40'C か ら 離 れ た 30°C で は 差 が 生じ な か っ た と 推察 き れる . 
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3. 頭 幅 に 対す る 飼育 温度 の 影響 


発育 適温 帯 を 離れ た 温度 帯 で 成育 する 動物 や 昆虫 で . 体 サ イズ が 大 型 化す る 種 が ある こと が 知ら れ 
て いる . 本 実験 の 結果 , 本 種 は 約 30'C が 適温 と 判断 され た が , その 温度 帯 を 離れ て も 頭 幅 に 明 ら 
か な 差 は で な か っ た . これ は 各 温 度 帯 で 飼育 し た 経過 世代 数 が 少な いた めか , ある い は 飼育 温度 が 
サイ ズ に 影響 し な い の か も 知れ な い . 


4. 発育 


発育 速度 を も と に 人 算出 し た 卵 か ら 羽 化 ま で の 発育 段階 の 理論 的 発育 零 点 は 5.0C, 有効 積算 温度 は 
1666.7 日 度 で あっ た . 本 種 は 羽化 後 24 時 間 以 内 に 交尾 ・ 産 卵 を する の で , 1 世代 の 有効 積算 温度 は 
1670 日 度 前 後 と な る . 羽化 率 は 30'C で 最大 で あっ た . 発育 デー タ の 結果 と 巣 の 温度 か ら 判 断 し て , 
本 種 の 発育 適温 は 約 30'C と 判断 され る . 


5. その 他 


30°C と 35°C で は 経過 齢 数 が 1 齢 少な く 7 齢 と な っ た が , 8 齢 経過 個体 群 と 頭 幅 を 比較 する と , 7 
ほ 過 個体 群 の 2 齢 頭 幅 は 8 REER O 3 齢 頭 幅 と ほぼ 一 致し , それ ぞ れ 以降 の 齢 で も 同様 に 一 致す 
る . DEY, 両 個 体 群 の 最終 齢 で は ほぼ 一 致す る . そこ で , 8 齢 経過 個体 群 の 2 齢 が 過剰 齢 (extra 
instar) で あり , 7 山 経 過 個 体 群 で は それ が 欠け て いる と 解釈 する こと が で きる . 
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